The overall rate of reductive pyrimidine degradation in R.hodopseudomonas capsulata R 10 was limited during growth with an excess of uracil as sole exogenous nitrogen source. P-Ureidopropionase was the rate-limiting step in the degradative pathway. The synthesis of this enzyme was repressed by ammonia, which accumulated during uracil degradation, while dihydrouracil dehydrogenase was induced in the presence of its substrate. It is postulated that P-ureidopropionase may not be specific for reductive pyrimidine degradation.
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I N T R O D U C T I O N
Facultative phototrophic bacteria have recently been shown to be capable of utilizing exogenous pyrimidines as sources of nitrogen for growth (Kaspari, 1979) . Studies on the mechanism of pyrimidine degradation in a strain of R hodopseudomonas capsulata revealed that this organism belongs to the few species of bacteria known to degrade pyrimidines by a reductive pathway (Vogels & van der Drift, 1976; Mead et al., 1979) .
Uracil degradation in R. capsulata R10 proceeds via the following reactions (Kaspari, 1979) :
The enzymes catalysing reactions 1 and 2, an NADP-specific dihydrouracil dehydrogenase and a dihydropyrimidinase, have been detected in extracts from R. capsulata R10, whereas participation in uracil degradation of P-ureidopropionase, catalysing reaction 3, could only be deduced indirectly from studies on the stoicheiometry of P-ureidopropionate degradation by whole cells. The present paper describes a coupled enzyme assay for the determination of P-ureidopropionase activity using glut amate deh ydrogenase. Whereas much information is now available on the mechanism of reductive pyrimidine degradation, little is known about the regulation of this pathway in bacteria. In Pseudomonas (Hydrogenomonus) fuciZis (Kramer & Kaltwasser, 1969) and clostridia (Campbell, 1957; Hilton et al., 1975) the enzymes are induced by the respective substrates, as is dihydrouracil dehydrogenase in R. capsulata (Kaspari, 1979) . In this paper results are presented which demonstrate that pureidopropionase synthesis in R . capsulata is repressed during growth with an excess of uracil as sole nitrogen source, thus limiting the overall rate of uracil utilization via the multi-step sequence.
M E T H O D S
Organism and growth conditions. Rhodopseudomonas capsulata strain R 10 was grown on malate medium (Drews, 1965) supplemented with NH,CI or uracil as sole nitrogen source. Photosynthetic cultures were incubated IP: 54.70.40.11
On: Fri, 28 Dec 2018 08:29:10 96 H . K A S P A R I in completely filled screw-cap bottles (500 ml) at 30 "C and about 2500 lx or in a Biostat V fermenter (Braun, Melsungen) under an atmosphere of argon. Growth was monitored by measuring the A,,, in a Bausch & Lomb Spectronic 20 spectrophotometer.
Uracil, /3-ureidopropionate and ammonia concentrations in the growth media were determined as described previously (Kaspari, 1979) .
Preparation of cell extracts. Cells were washed, resuspended in 0.1 M-Tris buffer pH 7.5 and disrupted by ultrasonic treatment. The supernatants obtained after centrifugation of the sonicates at 140000 g for 1 h at 4 "C were used for determination of enzyme activities. Protein was determined according to Beisenherz et al. (1953) .
Enzyme assays. Dihydrouracil dehydrogenase (EC 1 . 3 . 1 . 2 ; 5,6-dihydrouracil: NADP+ oxidoreductase) was assayed in an incubation mixture containing (in 3 ml) 300 pmol phosphate buffer pH 6.5, 0.25 pmol NADPH, 2.5 pmol uracil and cell extract. The change in absorbance at 334 nm was measured at 30 "C.
Dihydropyrimidinase (EC 3 . 5 . 2 . 2 ; 5,6-dihydropyrimidine amidohydrolase) was assayed according to Wallach & Grisolia (1957) by determination of /3-ureidopropionate as described by Archibald (1944) .
For assay of /3-ureidopropionase (EC 3 . 5 . 1 .6; N-carbamoyl-p-alanine amidohydrolase) activity in cell extracts, the colorimetric estimation of Pureidopropionate (Archibald, 1944) proved to be unsuitable. Therefore, a sensitive method was developed coupling the liberation of ammonia by P-ureidopropionase to glutamate dehydrogenase. One problem with this coupled assay originates from the relatively weak affinity of glutamate dehydrogenase for ammonia resulting in a linear decrease of absorbance only after a lag . For determination of P-ureidopropionase activity, 60 U glutamate dehydrogenase (EC 1 . 4 . 1 . 2 ) was added to the reaction mixture; smaller amounts produced an extended lag. The assay was performed at pH 8.2, which is the optimum for glutamate dehydrogenase and P-ureidopropionase determinations. The optimum for pureidopropionase, ranging from pH 8 a 2 to 8.6, was estimated in reaction mixtures containing Pureidopropionate and cell extract without the glutamate dehydrogenase system. The reaction was terminated after incubation for 10 min by adding trichloroacetic acid. The ammonia produced by P-ureidopropionase was assayed enzymically according to Kun & Kearny ( 1970) .
To remove ammonia, cell extracts were passed through a prepacked disposable PD-10 column (Pharmacia) prior to the coupled assay. The incubation mixture contained (in 1-2 ml) 50pmol Tris buffer pH 8.2, 1 pmol 2-oxoglutaric acid (neutralized), 0.32 pmol NADH, 60 U glutamate dehydrogenase and 30 pmol /3-ureidopropionic acid (adjusted to pH 8.2). Since /3-ureidopropionic acid contained up to 0.5 % ammonia, the mixture was preincubated for 2 min at 25 OC before the reaction was started by the addition of cell extract. The change in absorbance at 334 nm reached a linear and maximal rate approximately 3 min after the addition of extract.
There was a direct proportionality between the change in absorbance observed and the amount of extract added up to a AA min-' of 0.12. Since the rate of NADH oxidation corresponded to ammonia production, specific activity of P-ureidopropionase was expressed as nmol NH, produced min-' (mg protein)-'.
In addition to ammonia, CO, and Palanine were detected manometrically and by thin-layer chromatography (Kaspari, 1979) as products of P-ureidopropionase action.
Chemicals. All chemicals were of analytical grade and were from Sigma except for NADH, NADPH and glutamate dehydrogenase which were from Boehringer.
R E S U L T S A N D D I S C U S S I O N
Growth of R. capsulata in the presence of an excess of uracil as sole exogenous nitrogen source is accompanied by an accumulation of P-ureidopropionate in the medium (Kaspari, 1979) . This suggests that uracil utilization occurs via reductive pyrimidine degradation, the rate being limited by P-ureidopropionase activity.
To verify this hypothesis, the release of metabolites from cells and the activity of P-ureidopropionase were measured during growth of R. capsuZata with an excess of uracil as nitrogen source (Fig. 1) . During the utilization of uracil a temporary accumulation of ammonia occurred, which was followed by release of P-ureidopropionate into the growth medium. These events were accompanied by a characteristic change in P-ureidopropionase activity. There was a sevenfold increase in the specific activity of P-ureidopropionase during exponential growth following inoculation with cells which had been grown with NH,Cl (Fig.  1) . At this stage, cells exhibited an efficient pyrimidine degradation with high activities of P-ureidopropionase (50 mU mg-I) as well as dihydrouracil dehydrogenase (42 mU mg-l) and dihydropyrimidinase (90 mU mg-l). This resulted in the liberation of ammonia at a higher rate than could be utilized for biosynthesis; consequently, ammonia accumulated in the culture medium. At the same time there was a characteristic decline in P-ureidopropionase activity to 10 mU mg-I, suggesting repression of enzyme synthesis. For this reason, the conversion rate of Fureidopropionate decreased and it accumulated in the medium (Fig. 1) . P-Ureidopropionase was the rate-limiting enzyme in the degradative pathway. This is in accordance with the observation that dihydrouracil dehydrogenase activity (not shown here) decreased slowly (by only 10 to 15 %) during accumulation of ammonia. Thus, utilization of excess uracil is limited by repression of jl-ureidopropionase. P-Ureidopropionate once excreted was not utilized later (Fig. 1) . This is consistent with the observation that exogenous Fureidopropionate is a poorly utilizable nitrogen source for the growth of R. cupsulatu. The main reason for this is thought to be the relatively weak affinity of P-ureidopropionase for its substrate: the K m value determined for Fureidopropionate in cell-free extracts at pH 8-4 was 3-5 mM.
Quantitative assimilation of uracil-nitrogen, however, was accomplished during growth of R. cupsulata in the presence of limiting amounts of uracil (Fig. 2) . Uracil degradation resulted neither in the liberation of ammonia nor in the repression of P-ureidopropionase; therefore, no extracellular accumulation of #I-ureidopropionate occurred.
These results raised the question of whether /3-ureidopropionase formation after transfer of cells from a medium with NH,Cl as nitrogen source to a uracil-containing medium (Figs 1 98 H. K A S P A R I I Table 1 
. Activities of dihydrouracil dehydrogenase and P-ureidopropionase in extracts of cells grown with non-limiting amounts of uracil or NH,Cl as nitrogen source or with limiting amounts of NH,Cl after exhaustion of exogenous NH,Cl
Media were inoculated with cells which had been grown with NH4C1, and the cultures were grown to an A,, of about 0.5 before harvesting.
Enzyme specific activity [nmol min-' (mg protein)-'] and 2) was induced like dihydrouracil dehydrogenase (Kaspari, 1979) or whether it was stimulated merely by the withdrawal of the cells from the possibly repressive influence of ammonia. To differentiate between these two mechanisms, P-ureidopropionase and dihydrouracil dehydrogenase activities were determined in cells during growth with uracil and NH,Cl as well as in cells which had been deprived of an exogenous nitrogen source after growth with a limiting amount of NH,C1 ( Table 1) . High dihydrouracil dehydrogenase activity was detectable only after growth with uracil as nitrogen source, so the formation of this enzyme was regulated by substrate induction. P-Ureidopropionase formation, however, exhibited a different regulatory pattern. During growth with an excess of NH,C1 relatively low enzyme activity was detected, but activity was high during growth with uracil and during nitrogen starvation (Table 1) . To examine the latter effect further, P-ureidopropionase activity was monitored continuously during growth with limiting amounts of NH,Cl (Fig. 3) . Activity was low as long as exogenous ammonia was present but increased considerably after its exhaustion, thus pointing to regulation of enzyme formation by ammonia-repression.
These results raised the question of whether the formation of /I-ureidopropionase was governed by conditions of nitrogen supply as well as by induction. Regulation of P-ureidopropionase by ammonia-repression is indicated by the observation that nitrogenstarved cells after growth with limiting amounts of uracil contained enzyme activity which only slightly exceeded that in nitrogen-starved cells after growth with limiting amounts of NH,Cl. The highest activities were produced when NH,Cl-grown cells were transferred to a medium without any nitrogen source. This suggests that uracil degradation in R . capsulata, as in Pseudomonas (Hydrogenomonas) facilis (Kramer & Kaltwasser, 1969) , does not result in an intracellular accumulation of repressing compounds such as ammonia, at least during the early stages of growth.
Thus, R . capsulata grown on uracil contains high activities of the three enzymes involved in reductive pyrimidine degradation provided /3-ureidopropionase is not repressed. The formation of the enzymes is regulated by induction or by ammonia-repression. This regulatory pattern differs significantly from that reported for other bacteria, in which all enzymes of the reductive pyrimidine pathway are induced (see review by Vogels & van der Drift, 1976).
Deprivation of exogenous ammonia results in increased P-ureidopropionase formation, whereas dihydrouracil dehydrogenase is unaffected. This suggests that P-ureidopropionase, provided that it is identical with the enzyme in uracil-grown cells, is not specific for reductive pyrimidine degradation. The enzyme may fulfil an additional function, possibly related to endogenous nitrogen metabolism. Such a dual function has been ascribed to urease in Alcaligenes eutrophus (Hydrogenomonas H 16) (Konig et al., 1966) and to urea amidolyase in Chlorella vulgaris (Hodson & Thompson, 1969) . However, this would imply that there is either an additional source of P-ureidopropionate in the metabolism of R . capsulata, or that R. capsulata contains substrates for P-ureidopropionase other than Pureidopropionate. P-ureidopropionases hitherto isolated from rat liver (Caravaca & Grisolia, 195 8), Clostridium uracilicum (Campbell, 1960) and Euglena gracilis (Wasternack et al., 1979) are all substrate-specific enzymes. 
